that signaling by both the p110g and p110d isoforms is necessary. Using a pharmacological inhibitor they identify CXCR4 as the cell-surface receptor responsible for activation of PI 3-kinase in thymocytes. Examining the embryonic thymi of CXCR4 2/2 mice they note a decrease in thymocyte number at all stages of development, with the defect exacerbated at stages after b-selection, implying a developmental block. In testing whether CXCL12 is the only factor necessary for b-selection provided by OP9 cells, the authors find that a combination of recombinant CXCL12, Dll4, IL-7 and Flt3 ligand allows some progression past b-selection in vitro in the absence of stromal cells. Cell yields are low compared with OP9-DL1 cultures, however, and it is likely that other factors play a role.
Although CXCR4 has previously been shown to function in B-cell development [17, 18] and to augment mature T-cell activation [19] , the recent work outlined here marks a new advance in our understanding of ab T-cell development by identifying yet another receptor-ligand pair involved in b-selection. The list of components of the thymic microenvironment necessary to support passage through this key checkpoint is still clearly incomplete -perhaps other G-protein-coupled receptors could be involved. However, the first description of an accessory cell-free system to support b-selection to any extent is an important step in allowing the study of the molecular components of thymic development.
In addition, these findings underscore the pleiotropic nature of chemokines. Cryptic messages are the stuff of spy novels, but they also exist in nature. Such signals have evolved to be salient to preferred receivers, but less obvious to others, including humans. A study reported recently in Current Biology by Ulrike Siebeck and colleagues [1] takes advantage of the pugnacious, resource-defending behaviour of territorial coral reef fish to probe the potential value of hidden signals in species recognition. Ambon damselfish (Pomacentrus amboinensis) are common yellow-brown teleosts that live amongst coral, sharing their living space with closely related lemon damselfish (P. moluccensis). To us, these species look remarkably similar. Typically, ambon damselfish react strongly to the intrusion of conspecifics into their territories as they represent the greatest threat to resources, whether space, food or mates. Critically, ambon damsels appear to use the spatially complex ultraviolet (UV) reflecting patterns on the faces of intruders (Figure 1 ) when identifying the species to which they belong [1] . Evidence for this was convincingly accumulated by a series of experiments which showed that attacks were not simply a response to the extent or overall intensity of UV-reflecting facial patches, but rather to their pattern. These experiments also revealed the ability of damselfish to learn to discriminate fine-scale patterns of the type seen on their faces, whether such patterns were presented in the UV, or in the rest of the fishes' visual spectrum.
Although UV signals are often regarded as somehow 'special', this is largely due to fact that they are invisible to us. UV vision has been known in invertebrates since the 19th century -it was first demonstrated in ants -and has been known in vertebrates for decades [2] [3] [4] . Indeed, UV-sensitive visual pigments, located in the most shortwave-sensitive class of retinal cone photoreceptors, arose very early in vertebrate evolution: the common ancestor of all extant vertebrates almost certainly had such a visual pigment, and UV vision [5, 6] . UV-sensitive visual pigments have been retained by numerous vertebrate taxa, including mammals (for example, mice), birds (ranging from blue tits to seagulls), as well as fish. It is hardly surprising that animals equipped with UV sensitivity use it in a range of critical visual tasks, including mate choice, foraging, and territorial defence, but the way in which they use it can be surprising.
Where UV sensitivity is absent, it is often not so much a result of the loss of UV sensitive visual pigments, as all visual pigments exhibit some UV sensitivity whatever the spectral location of their peak absorption. Instead, it is the addition of UV-blocking pigments to the pre-retinal ocular media that interferes with UV sensitivity. Thus, aphakic humans, or those whose ocular lenses have been replaced with UV-transmitting plastic prostheses after surgery to remove cataracts, can see UV quite well [7] ; such wavelengths appearing bluish-or violet-white, as one would expect from the physiological evidence that the pigments in all human cones respond to UV. Curiously, many potential predators of damselfish -such as wrasse, coral trout, rock-cods -have UV-opaque ocular media, which are arguably adaptations to suit their relatively long lives and likely needed to avoid UV-induced photo-oxidative retinal damage. This means they are unlikely to be able to see the UV patterns of damselfish any better than we are [8] .
What does mark UV as special, however, is its propensity to scatter in many media. In sea water, for instance, UV wavelengths are easily scattered, and visual information in high spatial frequencies (that is, fine patterns) is quickly lost with increasing viewing distance. This would seem to preclude the use of UV signals underwater for communication tasks involving fine patterns, but presumably interaction distances over which damselfish distinguish the subtle differences between UV facial patterns of con-and hetero-specifics are sufficiently short for the information to be accessible. Certainly the reported facial patterns rival, and may even exceed, the spatial complexity of UV signals well known from terrestrial organisms, such as the nectar guides of flowers or the patterning of avian feathers. The ability of fish to discriminate, and learn, such complex patterns suggests that they may also be able to identify individuals on this basis, or divine more subtle information about status or health, though such intriguing ideas remain to be tested.
Covert visual signalling is not unknown in fish, an extreme example being presented by the deep sea black dragon fish, Malacosteus niger, which uses photophores to emit longwave 'far red' light that is invisible to most, 'blue-sensitive', deep sea animals. They also have a retina photosensitized with chlorophyll enabling them to collect covertly communicated information from conspecifics [9] . Such potentially covert signalling is also not confined to the use of spectral signals, or indeed to vertebrates. In both respects, cephalopod molluscs [10] provide one of the best examples of signals that are beyond human senses, being based on polarized light. Cephalopods have been shown to have polarization vision, to which humans are effectively blind, and are able to change the polarization pattern of their skin. This combination may allow them to communicate with conspecifics without changing the body colours that provide camouflage.
The work of Siebeck and her team [1] provides an intriguing discovery suggesting covert communication in fish, and one that will spawn renewed interest in the potential for underwater UV communication. It also serves as a telling reminder that, regardless of habitat and taxon, comprehension of 
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Duplicate genes are champions of evolutionary innovation, and they are everywhere. In humans, approximately 15% of genes are duplicates, many of which have diverged in function. We are not unique in this (see [1] for review). Copying genes generates redundancy; since one gene copy suffices to perform the ancestral function, redundancy creates opportunity. Relaxed selection on duplicated genes may allow mutations to accumulate that might not be tolerated otherwise. This, however, can also be risky: duplicated genes are indeed implicated in phenotypic novelty, but also in a number of genetic diseases [2] .
The most common predicted fate of duplicate genes is to decay, leaving non-functional pseudogenes [3] , but in some situations copies can be retained. Duplicates may subfunctionalize; that is, they diverge to partition the ancestral function such that each new gene copy performs a distinct subset of the tasks of the original gene. Another possible outcome is neofunctionalization, in which a duplicated gene acquires novel roles that the ancestral gene did not perform [3] .
Work in sunflower, as reported in this issue of Current Biology by Blackman et al. [4] , provides an especially interesting example of gene diversification after duplication. This study examines a set of four recently duplicated genes that have diverged in different ways, providing insights into the early stages of functional diversification of a gene family. Particularly intriguing is the observation that one allele, which exerts a novel dominant-negative effect on the product of one of the other gene copies, appears to be under selection in domesticated sunflower. Thus, this system provides a nice example of neofunctionalization after gene duplication generating an allele that is selectively advantageous in cultivation. This study also adds to a still short list of genes implicated in sunflower domestication.
The young gene family in question encodes four sunflower homologs of FLOWERING LOCUS T (FT). FT was first identified and characterized in Arabidopsis thaliana, in which it plays a crucial role in promoting flowering [5, 6] . In both Arabidopsis and rice, FT encodes a small protein that is thought to be a critical component of 'florigen', the long-mysterious mobile signal that travels from leaves to the shoot apex to trigger flowering in response to environmental cues [7] [8] [9] [10] . The basic function of FT-like genes in inducing the reproductive transition is widely conserved among flowering plant species (e.g. [11-13]) , and sunflower appears to be no exception: Blackman et al. [4] show that two of the four sunflower FT genes (HaFT2 and HaFT4) encode full-length FT-like proteins that are able to complement ft mutants in Arabidopsis, suggesting their molecular function is largely conserved. Their expression pattern and timing in sunflower is also consistent with a role in day-length triggered flowering.
While basic FT functionality seems to be conserved in sunflower, carried out by both HaFT2 and HaFT4, the other two genes have diverged. Three of the four copies are part of a triplicated group (comprising HaFT1-3), and this is where the action is: these three gene copies are each experiencing a different one of the possible fates described for redundant genes. HaFT3 appears to be decaying. No transcript was detected and the gene is riddled with non-functionalizing mutations. HaFT2 appears to behave essentially as the ancestral copy probably did. However, in the context of duplicate gene evolution, what has happened to HaFT1 is particularly intriguing. HaFT1 is unique among the four sunflower FT genes in having two alternative splice forms and in having acquired a new expression pattern, suggesting it may have undergone neofunctionalization. HaFT1 mRNA is found in the shoot apex, instead of in the leaves and disc florets where HaFT2 and HaFT4 are expressed, but the coding sequence of HaFT1 from wild sunflower can nevertheless rescue A. thaliana ft mutants, suggesting its protein function is similar to that of HaFT2 and HaFT4. In contrast, the
